A b s t r a c t This research was conducted in 2008 and 2010 in the experimental apiary of the Warsaw University of Life Sciences. Worker bees were stored in transport cages in their own colonies and stranger colonies. The number of injuries and the death rate were checked twice, after 3 and 7 days of storage. In total, 6720 bees were examined (3360 workers from their own colonies and the same number from stranger colonies). The number of injured and dead workers had an exponential distribution (skewness>1). The worker bees sustained significantly more leg injuries (missing leg segments -92 -96%) than injuries of arolia (13 -15%), wings (1 -7%) or antennae (1 -2). Worker bees stored in stranger colonies were injured significantly more frequently than worker bees stored in their own colonies. A significantly greater number of bees died in stranger colonies than in own colonies. The fact that bees stored in own colonies were injured proves that, even if they have the same smell, bees kept in cages provoke aggressive behavior from bees belonging to the banking colony.
INTRODUCTION
Queens stored in queenless colonies, called "queen banks", are often injured by bees from those colonies (Woyke et al., 1956 , Jasiński, 1984 1986; 1987; Woyke, 1988) . The most common injuries among queens are leg injuries (Jasiński and Fliszkiewicz, 1995) , which may be related to secretion from the tharsal gland, which inhibits the construction of queen cells (Lensky and Slabesky, 1981) . The legs of some queens are paralyzed (Gerula and Bieńkowska, 2002; Gerula, 2004) . Missing leg segments or whole legs make it difficult for queens to walk, injured wings preclude them from flying, and missing antennae or antenna fragments restrict the queens' sensory abilities (Jasiński, 1995) . Storing a small number of queens (3 -4) in a bee colony, even for a short period of time, does not exclude the possibility of their being injured by bees (Woyke et al., 1956 , Jasiński, 1988 , Jasiński and Fliszkiewicz, 1997 . Studies indicate that worker bees attending the queens are injured in a similar manner (Jasiński and Kawecki, 1992; Jasiński and Fliszkiewicz, 1997) . Bees attending the queens in cages should be in good condition, as it is their role to ensure that the queens empty their oviducts after insemination. Body injuries may deteriorate the condition and increase the mortality of bees, which in turn lowers the quality of nursing for the queens. Worker bees enclosed in cages without queens and stored in queenless colonies are injured by bees from the nurse colonies (Madras-Majewska, 2009 ). Preliminary research has confirmed that worker bees in queenright colonies are also injured, regardless of whether they are stored in own or stranger colonies. Their own bees sustain injuries when kept in cages, which proves that although they may share the same smell, they are still attacked by bees from their own colony (Zajdel et al., 2009) . Bees kept in cages provoke aggression from bees belonging to the banking colony (Madras-Majewska, 2009; Zajdel et Injuries of worker bees in own and stranger colonies al., 2009). The purpose of this investigation was to ascertain and compare body injuries and the death rate of workers stored in their own colonies and in stranger colonies.
MATERIAL AND METHODS
This research was conducted in 2008 and 2010 in the experimental apiary of the Apiculture Division at the Warsaw University of Life Sciences. Thirty-five colonies of Carniolan bees (Apis mellifera carnica) of medium strength with young, egg-laying queens (6 -7 brood combs, 10 -12 combs occupied by bees) were selected from the apiary for the experiment. One-half of the worker bees used in this study were categorized as own workers (OW) that originated from their own colonies; the other half were categorized as stranger workers (SW) that originated from colonies other than the banking colony. In total, 6720 bees were examined (n = 3360 OW and n = 3360 SW). Worker bees were obtained directly from colonies' external combs and placed in plastic transport cages (Fig. 1) . Each cage had two chambers for bees (3.5 × 4 cm); the food chamber (2.5 × 3.5 cm) was filled with "bee candy", which served as food for the bees. One side of each cage had 27 slides (1 × 9 mm). Six workers, originating from their own or a stranger colony, were placed in each cage. Cages containing bees were located in banking frames (Fig. 2) . Each frame held 16 cages containing OW or SW. The banking frames with cages were placed between the brood combs of the banking colonies. Two banking frames, one containing OW and the other containing SW, were placed in each colony. The number of injuries and the death rate in each cage were checked once after 3 days and again after 7 days of storage. During the first check (after 3 days), bees from the cages were anaesthetized with carbon dioxide (maximum duration of the anaesthesia was 1 min). The legs, antennae, and wings of anaesthetized bees were examined under a stereoscopic microscope with a variable magnification range of 10 -16×. All injuries to these body parts were recorded as follows: missing foot and antenna segments, black arolia, missing arolia and claws, and frayed wing edges. After the first examination, the bees were returned to the cages and placed in the same nurse colonies for 4 additional days. SPSS 17 was used to conduct statistical analyses. We used Kolmogorov-Smirnov and Shapiro-Wilk tests to determine whether or not the distributions of data were normal. We employed non-parametric χ 2 , Kruskal-Wallis, and Mann-Whitney U tests for independent samples, and the Wilcoxon test for two related samples (P≤0.05). We compared mean rankings of data between groups. The mean rankings of the numbers of injured and dead bees, respectively, were calculated for cages with at least one injured or dead bee.
RESULTS
Percentage of cages with injured worker bees. SW were more aggressive towards the stored bees than OW. A significantly higher percentage of cages containing SW than containing OW resulted in injured bees, both after 3 days (OW: 9.5%, SW: 25.4%; P<0.01, χ 2 test) and after 7 days (OW: 25.7%, SW: 40%; P<0.01, χ 2 test) (Fig. 3) .
Distribution of the number of injured bees. The distribution of the number of injured worker bees (OW and SW stored for 3 and 7 days) did not approach a normal distribution (Kolmogorov-Smirnov test and Shapiro-Wilk test, P<0.001); however, it displayed high skewness (1.77 -2.40; Tab. 1). The distribution of the number of injured OW and SW was most similar to the right-asymmetric exponential distribution curve (Fig. 4 , thin curve). To draw an exponential curve that is a better fit to the histogram, the median was used instead of the mean (Fig. 4 , bold curve).
Effect of storage time on injuries. The number of injured workers after 7 days of storage ranked significantly higher than the number of injured workers after 3 days of storage, in both own colonies (Wilcoxon, Z = -2.81, N = 53, N2 = 145; Fig. 3 . Percentage of cages with injured worker bees after storage in own and stranger colonies for 3 and 7 days, respectively. *Different letters indicate significant differences between mean rankings in individual groups ( χ 2 test, P<0.01). A* (CAPITALS), comparison of rankings in the same group of bees after 3 and 7 days of colony storage. a** (small letters), comparison of rankings in different groups of bees after 3 days of storage in a colony a*** (small bold letters), comparison of rankings in different groups of bees after 7 days of storage in a colony.
Injuries of worker bees in own and stranger colonies P<0.00) and stranger colonies (Wilcoxon, Z = -5.68, N1 = 143, N2 = 221; P<0.00) (Tab. 1). Types of injuries and their frequency. We observed 10 different types of injures in own colonies, and 11 in stranger colonies. Bees from banking colonies that were injured during 7 days of storage most frequently lack of segments of the tarsus (OW: 81%, SW: 79%) as well as the arolia (OW: 15%, SW: 12%). Other types of injuries (antennae and wings) were rare (Antennae: OW: 2%, SW: 7%; Wings: OW: 2%, SW: 1%). We observed missing claws in SW only (1%; Fig.  5 ). Injuries to all leg pairs were represented among bees stored in colonies. Injures to the second and third leg pairs of OW were 1.2-fold more frequent than injuries to the first leg pair (Kruskal-Wallis test, P<0.01; pairwise comparisons Mann-Whitney U test, P<0.00) (Tab. 2). In SW, we observed injuries to the three respective leg pairs at similar frequencies. In some cases, workers stored in colonies had all A black arolium and missing arolia were observed in both groups of worker bees, while missing claws were only observed in the SW group (Tab. 3). In some cases, the first wing pair was injured. Wing injuries consisted of tears to the external edge (probably as a result of the wing edge being caught by the mandibles of bees from the banking colonies). Injuries to the antennae consisted of the loss of several segments of the antennal flagellum. The above injuries were rare, and no differences in frequency were observed between OW and SW (Tab. 3). Death rate during storage. The numbers of dead OW and SW did not approach a normal distribution (Kolmogorov-Smirnov test and Shapiro-Wilk test, P≤0.00). Skewness was high (1.10 -1.55) and gave the exponential distribution rightward asymmetry (Tab. 4). At both 3 and 7 days of storage, the number of dead workers ranked significantly higher in stranger colonies than in own colonies (Mann-Whitney U test P<0.00; Tab. 5). The number of dead workers ranked significantly higher after 7 days of storage than after 3 days of storage in both own colonies (Wilcoxon, Z = -5.41, N1 = 92, N2 = 184; P<0.00) and stranger colonies (Wilcoxon, Z = -7.19, N1 = 146, N2 = 208; P<0.00) (Tab. 4). .01). a* (small letters) concern rankings in the same column. A** (capitals) concern rankings in the same line.
Injuries of worker bees in own and stranger colonies DISCUSSION It has been confirmed that worker bees stored in own colonies without a queen sustain injuries (Madras-Majewska, 2009 ). The preliminary research results confirmed that worker bees closed in cages in queenright colonies are also injured, regardless of whether they are stored in own or stranger colonies (Zajdel et al., 2009 ). Jasiński (1995) and Jasiński and Fliszkiewicz (1995) described 26 different types of queens' injuries. Gerula (2004) distinguished 17 types. It was expected that worker bees would be injured to a lesser extent than queens, which produce pheromones and are treated worse by the nurse bees. This research has revealed only 11 types of injuries in workers. According to the classification of queens' injuries proposed by Jasiński (1984 Jasiński ( , 1987 Jasiński ( , 1995 , the majority of injuries (64%) were related to changes in the color of arolia, while 21% were related to arolium deformation and partial or complete loss of arolia and claws. Missing leg segments or missing whole legs accounted for only 15% of injuries. Our research also confirmed the findings of MadrasMajewska (2009) : the most common injuries of bees caged in own colonies concerned legs. We observed that leg segments accounted for 80% of injuries; in comparison, 11 -15% of injuries were to the arolium, 2 -6% were to the wing, and 0 -2.5% were to the antennae). This distribution of injury types is most likely caused by the fact that the caged bees stick their legs out through the slots. Bees from the banking colonies then jerk at the protruding legs with mandibles and tear off leg segments or injure the arolia. Loc et. al (1996) and Wilde and Loc (1997) observed that the third and first leg pairs were injured most often in queens stored for 48 hours in queen banks. In the present study, we observed that in workers from own colonies, injuries were most often inflicted to the third and second leg pairs (34.8% and 41.8%, respectively). In workers from stranger colonies, similar proportions of all three leg pairs were injured (30 -40%). The fact that bees from own colonies are injured proves that the caged bees provoke aggressive behavior from bees belonging to the banking colony, even if they share the same smell (Madras-Majewska, 2009 , Zajdel et al., 2009 . Stressed bees belonging to the banking colonies jerk at the protruding legs, antennae, and wings of bees kept in cages, thus causing injury to those body parts.
CONCLUSIONS
Worker bees caged in queenright colonies sustain a variety of injuries, including injuries to legs (79 -80%), arolia (13 -15%), wings (1 -7%), and antennae (1 -2%). Injuries are inflicted regardless of whether worker bees are stored in own or stranger colonies. Workers stored in stranger colonies are injured significantly more frequently than those stored in own colonies. Storing bees in stranger colonies also results in a significantly higher mortality compared with bees stored in own colonies. Bees enclosed in cages provoke aggressive behavior bees from bees belonging to the nurse colony, even if they share the same smell. In order to decrease the number of injuries sustained by caged bees stored in queen banks, these bees should originate from the same colonies in which they are stored. A* (CAPITALS) concern rankings in the same group of bees after being stored in colonies for 3 and 7 days, respectively. a** (small letters) concern rankings in different groups of bees after being stored in a colony for 3 days. a*** (small bold letters) concern rankings in different groups of bees after being stored in colonies for 7 days.
